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METHO TO IMPROVE MECHANICAL 
STRENGTH OF CEDRAMIC MATERIALS 

CLAIM(S) 

1) A method to improve the mechanical strength of a ceramic material 
characterized in that the ceramic material is heated at a specific temperature 
for more than 30 minutes. 

2) A method to improve the mechanical strength of a ceramic material, 
cited in Claim 1, wherein the ceramic material made of silicon carbide is 
heated at a temperature in the range of 1 1 50°C - 1 500°C. 

3) A method to improve the mechanical strength of a ceramic material, 
as cited in Claim 1, wherein the ceramic material made of silicon nitride is 
heated at a temperature in the range of 950°C - 1400°C. 
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DETAILED DESCRIPTION OF THE INVENTION 
(Field of Industrial Application) 

The present invention pertains to a method to improve the mechanical 
strength of a ceramic material having defects on the surface that are generated 
by post-processing by a machine. 
(Prior Art) 

When a ceramic material, such as silicon carbide or silicon nitride 
material, was put to post-process such as machining by the prior art method, 
the material surface was scratched or cracked. As a result, mechanical 
strength of the material was reduced, so its stress tolerance had to be set at a 
small value, which was a problem. 
(Objective) 

To solve the aforementioned problems, the present invention attempts 
to present a method to improve the mechanical strength of a ceramic material, 
whereby the mechanical strength can be improved by eliminating the defects 
such as cracks and scratches from the surface of the ceramic material. 
(Summary) 

The method of the present invention is characterized in that a ceramic 
material with surface defects is heated at a preset temperature for more than 
30 minutes. 



When a ceramic material is made of silicon carbide, the heating 
temperature is preferably 1 150°C - 1500°C. When the temperature is lower 
than 1 150°C, the mechanical strength cannot be sufficiently improved. But, 
when the temperature is higher than 1500°C, the mechanical strength is 
reduced^ so the temperature in the range of 1 150°C - 1500°C is preferred. 

When a ceramic material is made of silicon nitride, the heating 
temperature is preferably 95 0°C -1400°C. If the heating temperature is lower 
than 950°C, the mechanical strength will not be improved, and if it is higher 
than 1400°C, the mechanical strength will be reduced. Therefore, the 
temperature range of 950°C - 1400°C is preferred. 
(Embodiments) 

The present invention is explained below with reference to specific 
examples. 

Testing samples of silicon carbide ceramic material (hereinafter 
referred to as an SiC ceramic material) and of silicon nitride ceramic material 
(hereinafter referred to as an Si 3 N 4 ceramic material), each having 150 |um 
micro cracks, were examined for the relationship between the bending stress 
cr b 4 (Mpa) and the heating temperature (°C). The result is shown Fig. 1 . In 
the figure, curved line a indicates the SiC ceramic material, and curved line b 
the SisN 4 ceramic material. As a reference, the value of Si 3 N4 ceramic 
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material having no defect at all is shown by curved line c. As is evident from 
the figure, the bending stress of the Si 3 N 4 ceramic material that did not go 
through the heating process (0°C heating) was reduced to V 2 that of the 
material having no defect at all on the surface. However, by the heating 
process, the bending stress was improved. With the Si 3 N 4 ceramic material, it 
demonstrated the maximum bending stress when heated to 1200°C. The 
probable reason for the improved bending strength is that the Si contained in 
the Si 3 N 4 ceramic material reacts to oxygen (0 2 ) in the air, generating oxides, 
and the oxides work to eliminate scratches and cracks generated in the 
ceramic material surface. 

The SiC ceramic likewise demonstrated the maximum value of bending 
stress when heated to 1350°C. Fig. 2 shows a graph indicating the impact of 
the heating time length on the bending stress in an instance wherein the SiC 
ceramic material and Si 3 N 4 ceramic material were heated to 1200°C while 
changing the heating time length (h) to different hours. Curved line a indicates 
the SiC ceramic material and curved line b the Si 3 N 4 . As is evident from the 
figure, each of them recovered to an 80% of the saturation value after heated 
for 30 minutes. 

Fig. 3 shows the relationship among the 1200°C heating temperature of 
Si 3 N 4 ceramic material, fracture probability F (%) in surface roughness 25 S, 
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and bending stress a b 4 x 10 (Mpa). Curved line I indicates the example 
wherein no heating process was conducted, curved line II the example of 
heating for 30 minutes, and curved line III the example of heating for 60 
minutes. As is evident from Fig. 1, by heating for 30 minutes, the bending 
stress is improved 35% as compared to the example of no heating at all. 

Fig. 4 shows an appearance of a turbo charger to which the present 
invention is applied; 1 indicates a shaft (10 mm 0) and 2 a vane made of 
Si 3 N 4 ceramic material. A machining process was applied to the 
aforementioned turbo charger and heated to 1200° for 60 minutes. When the 
turbo charger was cooled and its bending stress was measured, the bending 
stress was 45 Mpa. The turbo charger made by the same method without the 
heating process had only 23 MPa of bending stress, which is not sufficient. 
(Advantage of the Invention) 

As explained above, by the present invention, heating a ceramic 
material at a specific temperature for a specific time length eliminates the 
scratches and cracks from the material surface, therefore, improves the 
mechanical strength of the ceramic material. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the relationship between the bending stress and the 
heating temperature of SiC ceramic material and of Si 3 N 4 ceramic material. 
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Fig. 2 likewise illustrates the relationship between the bending stress and the 
heating time length. Fig. 3 likewise illustrates the relationship between the 
flexural probability and the bending stress. Fig. 4 shows an example to which 
the present invention is applied. 

1. shaft 

2. vane 

T. Note: I could not pull this patent from the West, so I could not attach the 
figures. Please see the original Japanese patent for the figures. 

Translations 

U. S. Patent and Trademark Office 

4/12/04 

Akiko Smith 
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